Background. Birth season has been found to be related to cardiovascular disorders, but the underlying mechanisms are unclear. The aim of this study was to evaluate the relationship between birth season and diurnal variation in blood pressure (BP) parameters in hypertensive patients. Material and methods. We enrolled 194 patients. The date of birth was recorded with the season of birth determined as winter (December-February), spring (March-May), summer (June-August) or autumn (September-November). All patients underwent 24-hour ambulatory blood pressure monitoring (ABPM) for evaluation of dipper or non-dipper status. We searched for the relationship between birth season and non-dipper status and other ABPM parameters. Results. 93 patients were classified into the dipper hypertensive group and 101 patients were in the non-dipper hypertensive group. We did not find any association between non-dipper status and birth season in hypertensive patients (p = 0.517). However, we found a significant relationship between diurnal variation in BP and birth season. This difference was observed between winter and spring season. We found a significant relationship between birth season and 24-hour diastolic BP, awake diastolic BP, sleep diastolic BP and sleep mean BP (p = 0.035, p = 0.037, p = 0.036, p = 0.032, respectively). These ABPM parameters were lower in patients born in winter than in those born in spring. Conclusion. Birth season was found to be related to diurnal variation in blood pressure in hypertensive patients. Hypertensive individuals born in winter had lower blood pressure than those born in spring.
Introduction
Clinical evidence suggests that many cardiovascular disorders are related to birth season. In a large analysis, nine cardiovascular conditions were found to be related to birth season including: atrial fibrillation, essential hypertension, heart failure, angina, cardiac complications of care, cardiomyopathy, pre-infarction syndrome, mitral valve disorders and chronic myocardial ischemia [1] . Hypertension is one of the major risk factors for cardiovascular morbidity and mortality. Although there are many physiopathological explanations for hypertension, the main reason is essential, complex and multifactorial. There were several previous studies about birth season and hypertension or blood pressure (BP), with varying results. In one study, the individuals born in autumn had low-www.ah.viamedica.pl er risk of hypertension than those born in winter [1] . Another study revealed that adult men born in spring had lower BP than those born in other seasons [2] . Therefore, we can say that the relationship between birth season and hypertension has not yet been fully elucidated. Diurnal variation in BP is detected by 24-hours (h) ambulatory blood pressure monitoring (ABPM). According to circadian rhythm, systolic and diastolic BP are expected to drop over 10% during the night compared to daytime in normal and hypertensive individuals (dipper). Non-dipper status is defined as the lack of nocturnal systolic and diastolic BP decline ≥ 10% compared to daytime values [3] . Diurnal blood pressure variation provides valuable information about cardiovascular prognosis in patients with hypertension. To our knowledge, the association between birth season and diurnal variation in BP in hypertensive patients has not been previously investigated. We aimed to investigate the relationship between birth season and diurnal variation in BP in hypertensive patients.
Material and methods

Study design and study population
Patients were selected from individuals referred to cardiology outpatient clinic for evaluation of hypertension from January 2015 to December 2016. The sample was selected by means of random multistage sampling. The study included 194 patients with newly diagnosed hypertension or essential hypertension. All patients underwent 24-h ABPM for evaluation of non-dipper status and diurnal blood pressure parameters. This study was consistent with the Declaration of Helsinki and was approved by the local Ethics and Research Committee of the University Hospital. The present study was a retrospective cross-sectional single-center study.
Study parameters
Patient records and data were accessed from the central database. Demographical information was recorded. The exact date of birth was available from identity data for all individuals. Season of birth was defined as winter (December-February), spring (March-May), summer (June-August) or autumn (September-November). All patients were evaluated for the presence of cardiovascular major risk factors, such as hypertension, diabetes mellitus and hyperlipidemia. Hypertension was defined as average systolic BP ≥ 135 mmHg and/or average diastolic BP ≥ 85 mmHg for daytime values with 24-h ABPM, previously diagnosed hypertension or use of any antihypertensive medications. The type of antihypertensive drugs used was recorded. Diabetes mellitus was defined as fasting plasma glucose levels higher than 126 mg/dL in multiple measurements, previously diagnosed diabetes mellitus or use of antidiabetic medications. Hyperlipidemia was defined as serum total cholesterol ≥ 240 mg/dL, low-density lipoprotein cholesterol ≥ 130 mg/dL, serum triglyceride ≥ 200 mg/dL, use of lipid-lowering medication or previously diagnosed hyperlipidemia.
ABPM recording
ABPM was recorded during a routine day by a Del Mar Reynolds device (Tracker NIBP2, Hertford, UK). The cuff was placed around the non-dominant arm and was applied for 24 h. BP was measured every 15 min. during the daytime (7 am to 10 pm) and every 30 min. during nighttime (10 pm to 7 am). Patients were instructed to proceed their routine activities during the monitoring process and stay calm during the cuff inflation. The method was considered reliable if > 70% of the measurements were valid. The average values of systolic BP, diastolic BP and mean BP were calculated for daytime, nighttime and 24 h for each patient. We d efined dipping status as the percentage decline in nocturnal systolic BP and diastolic BP from day to night using the following formula: [(daytime BP mean) -(nighttime mean)]/ /(daytime BP mean) × 100 [4] . Dipper BP status was defined as more than 10% decrease in systolic and diastolic BP measurements. Patients with less than 10% decrease in either systolic BP or diastolic BP were defined as non-dipper BP status. According to dipping status, individuals were divided into two groups: dipper and non-dipper.
Statistical analysis
Statistical analyses were performed with SPSS 19.0 software. Distribution of data was determined by the Shapiro-Wilk test. Continuous variables were expressed as mean ± SD (standard deviation) or median (minimum-maximum) and categorical variables as frequency and percent. Categorical variables were compared using the Pearson Chi-square test. Continuous variables were compared with independent sample t-test or the Mann-Whitney U test for two groups. The one-way analysis of variance (ANOVA) or the Kruskal-Wallis test were used to determine the differences between more than two groups. The Tukey test was used as a post hoc test, if the Anova test was statistically significant. The Dunn's test was used for post hoc test after the Kruskal-Wallis test; p value of less than 0.05 was considered statistically significant for all tests.
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Results
Ninety-three patients were in the dipper hypertensive group and 101 patients were in the non-dipper hypertensive group. The demographic and clinical characteristics of dipper and non-dipper hypertensive groups are presented in Table I . We did not find significant differences between the two groups except in the type of antihypertensive drug used. Although antihypertensive drug usage was similar in both groups, angiotensin-converting enzyme inhibitor/angiotensin receptor blockers, diuretics and combined antihypertensive drug usage was significantly higher in the non-dipper hypertensive group by p = 0.005, p < 0.001 and p = 0.035, respectively.
Comparison of 24-h ABPM parameters between dipper and non-dipper hypertensive groups is shown in Table II . Awake BP parameters were lower and sleep blood pressure parameters were higher in the non-dipper hypertensive group. ABPM parameters were compared according to the season of birth as shown in Table III , Figure 1 and Figure 2 . We found a significant relationship between birth season and 24-hour diastolic BP, awake diastolic BP, sleep diastolic BP and sleep mean BP. Sleep BP was found to be different in those two groups (p = 0.035, p = 0.037, p = 0.036, p = 0.032, respectively). The binary comparative analysis was used to determine whether this difference was caused by the winter season. 24-hour diastolic BP, awake diastolic BP, sleep diastolic BP and sleep mean BP were lower in patients born in the winter season than in those born in spring. The night decrease ratio was similar in the season groups (p = 0.874). We also did not find any association between non-dipper status and the season of birth as shown in Table IV (p = 0.517).
Discussion
Our results show that hypertensive individuals born in winter had lower BP than those born in spring, although there was no association between non-dipper status and birth season. This finding can be explained with several hypotheses such as sunlight, plasma 25(OH)D level in prenatal and early postnatal period, maternal 25(OH)D status and some hormones related to ultraviolet light.
There are several studies about the relationship between blood pressure and birth season. They provide different findings. An animal trial investigated cardiac morphologic measurements by echocardiography among pigs born in all seasons. Cardiac wall www.ah.viamedica.pl at the end systole was thinner in pigs born in spring than in those born in other seasons [5] . Another clinical study revealed that adult men born in spring had lower blood pressure than those born in other seasons [2] . Boland et al. found that individuals born in autumn (September-December) had lower risk of cardiovascular events than those born in winter (January-March), and spring (April-June) [1] . Another study revealed that people born in autumn lived longer than those born in spring [6] . Though the underlying mechanisms are unclear, there are many hypotheses about the effect of the season of birth on BP. Several previous studies reported a significant relationship between ultraviolet light, plasma 25(OH)D level and blood pressure [7, 8] . Plasma 25(OH)D displays seasonal variations with a peak in late summer (August-October) and lowest level in early spring (February-April) [9] . However, the effect of vitamin D on BP during life is controversial. Vitamin D and its metabolite 25(OH)D are believed to cross the placenta as early as four weeks after gestation via megalin, cubilin and vitamin D receptor (VDR) mediated processes [10] . Low maternal vitamin D levels in prenatal or early www.ah.viamedica.pl neonatal life may have effects in later life through the epigenetic process of genomic imprinting [11, 12] . Previous studies have reported that the early postneonatal stage (1-3 months after birth) could be a critical period [13, 14] . Exposure to sunlight, maternal 25(OH)D status and plasma 25(OH)D level may affect blood pressure variations in the early postnatal period. According to these findings, we can say that maternal vitamin D status may affect the child in two periods, prenatal and early postnatal. Those born during summer must have been conceived during winter. People conceived during winter would have lower plasma levels of 25(OH)D in the embryonic or fetal state and had higher plasma levels of 25(OH)D in early the postnatal state [15] . The most important period changes depend on explanation hypothesis. Besides, vitamin D concentration may be affected by some other conditions such as pregnancy, estrogen status, obesity, renal and liver disease, vitamin D supplement usage, primary hyperparathyroidism, inflammation, vitamin D binding protein level and some therapeutic procedures such as plasma exchange and peritoneal dialysis [16] . Furthermore, the activities of some hormones (cortisol, melatonin, nitric oxide) are related to ambient light or season [4] . Levels of these hormones may affect life-long blood pressure. We do not know which hypothesis is most correct in explaining the relationship between blood pressure and birth season.
According to our literature review, there have not been any studies about the relationship between the diurnal variation of BP and birth season in hypertensive patients. In our study, we did not find any relationship between non-dipper status and birth season in hypertensive patients. Moreover, there was no association between night decrease ratio and birth season in hypertensive patients. However, there was a very significant relationship between birth season and blood pressure in hypertensive patients independent of non-dipper status. This difference was statistically significant and associated with the winter season. Hypertensive patients born in winter had lower blood pressure. This finding may add to the discussion of some hypotheses based on the previous studies concerning birth season and cardiovascular disorders. In another study, it was demonstrated that birth in winter is related to high dopamine and serotonin activity in the brain [17] . It may affect autonomic activity and diurnal BP. Molfino et al. showed that a low room temperature was a contributing factor toward enhanced sympathetic modulation [18] . Low temperature during the postnatal period is a stress on the newborn and parasympathetic activity may be increased to balance the stress. This ability may be preserved into later life [19] .
However, some limitations of this study should be noted. The cross-sectional study design is the main concern. The sample size of our study is relatively low. The findings need to be confirmed in a larger population. The present study was a single center study. We enrolled the study patients in the same geographic area. It may prevent the results of the study from being generalized to other geographic areas. The usage of antihypertensive medication was different among groups. This difference may affect the non-dipper status. Furthermore, the timing of taking these drugs was not recorded in the study. It may change the blood pressure status.
Conclusion
Birth season was related to diurnal variation in blood pressure in hypertensive patients. Hypertensive individuals born in winter had lower blood pressure, which may be related to cardiovascular events. Thus, we can say that birth season may provide valuable information to evaluate the blood pressure variation of the patients. If our findings are supported by future well-designed studies, we will have valuable data to explain blood pressure variation in hypertensive patients.
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